Objective The stability and composition of intestinal flora plays a vital role in human wellbeing throughout life from as early as birth. Over the past 50 years, several studies have been conducted to evaluate the effect of probiotic administration in pediatric gastroenterology. This document aims to provide a recommendation score on probiotic utilization in pediatric gastroenterology, together with a review of current knowledge concerning its benefits, tolerability, and safety.
Introduction
The stability and composition of intestinal flora plays a vital role in good health and wellbeing of a human being throughout life from as early as birth.
In order to improve the microbial intestinal environment, several studies have been carried out to evaluate the effect of probiotic administration for the prevention and treatment of various medical conditions. This paper aims to provide a detailed review of scientific evidence based on the use of probiotics in pediatrics, along with current knowledge concerning its benefits, tolerability, and safety. This position paper was conceived with the objective to develop a consensus document that may unify and guide pediatric healthcare providers in the management of probiotics in Latin America, while incorporating the critical variable of the benefit of probiotic use.
Objectives
The purpose of this review was to update scientific evidence and grade of recommendation to develop future guidance in the medical use of probiotics in pediatric patients. Three main objectives were established by the working group:
1. To develop evidence-based guidelines for probiotic use in pediatric patients through a critical and comprehensive literature review. 2. To provide a useful tool for probiotic use aimed at general practitioners, pediatricians, and pediatric gastroenterologists. 3. To contribute to the rational clinical use of probiotics in pediatric diseases, supported by scientific evidence.
Methodology
The present consensus guidelines paper is a result of the discussions of the Latin American (LATAM) expert consensus group representing ten Latin-American countries: Argentina, Bolivia, Brazil, Chile, Columbia, El Salvador, Guatemala, Mexico, Peru, and Venezuela. The topics selected for this paper were centered on probiotic use in children in the following indications: acute infectious diarrhea (AID), antibiotic-associated diarrhea (AAD), traveler's diarrhea, Helicobacter pylori infection, infantile colic, necrotizing enterocolitis (NEC), inflammatory bowel disease (IBD), and functional gastrointestinal disorders; e.g., irritable bowel syndrome (IBS), constipation, and allergy. Relevant clinical questions were used as a basis for discussion and topics were divided between authors according to their field of expertise in the aforementioned various childhood diseases.
The protocol for evidence research was established using the following validated 'Medical Subject Headings' (MeSH Ò ) terms: probiotics, diarrhea, acute diarrhea, AAD, traveler's diarrhea, bacterial diarrheal, nosocomial diarrhea, prophylactic diarrhea, Helicobacter pylori, infant colic, infantile colic, NEC, IBD, constipation, and allergy.
A literature search was conducted using PubMed, MEDLINE, Embase, and the Cochrane database of systematic reviews (SRs) in Spanish and English, covering the period February 1965-October 2014. The patient age range was 0-18 years.
Published literature was selected without study design restriction to include SRs and meta-analyses, clinical guidelines, randomized controlled trials (RCTs), cohort studies and case-control studies. Narrative reviews were not used; neither were case series and case reports, nor observational studies. Only articles with satisfactory methodology-including clinical guidelines-and which clearly responded to these questions were selected and included in our review.
Other papers fulfilling the criteria were also included in the review; these included papers found through searching the bibliographies of reviews, and papers that were already known to the authors but not found in the literature searches, or subsequently suggested by the peer reviewers.
Since the majority of evaluated articles were RCTs, we referred to the User Guidelines for Medical Literature and the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system for grading evidence [1] [2] [3] [4] [5] to validate papers selected for critical review by answering the questions shown in Table 1 . Assessment of each article was completed by at least two independent evaluators and discrepancies were discussed within the entire group and resolved using scientific consensus. Once the validity and the quality of results were evaluated, a recommendation grade and level of evidence were assigned according to the updated guidelines established by the Oxford Centre for EvidenceBased Medicine (CEBM) ( Table 2 ) [6] .
Definition and History of Probiotics
Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit on the host [7] while enhancing the properties of intestinal flora [8] . Lilly and Stillwell [9] coined the term probiotics, and, in 1974, Parker gave it its current significance [10] .
It should be emphasized that the FAO/WHO definition of probiotics provided by the Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO) does not mention the human origin of the bacterial strain among the criteria for the selection and definition of probiotics, but instead classify according to effect caused [7] .
Nowadays, probiotics use is increasingly widespread; however, indication of their use has been evidenced since ancient times. Over 2000 years ago in Rome in 76 AD, Pliny the Elder used fermented milk to treat diarrhea. The term 'probiotic' (bios: life; pro: in favor of) was used for the first time in the 1960s, even though the beneficial effect of certain bacteria had been studied for over a century [5] . In 1906, Tissier [11] observed that significant colonization of bifidobacteria in stool provided protection against the development of diarrhea in children and, in 1908, Eli Metchnikoff, Professor at the Pasteur Institute in Paris and Nobel laureate of Medicine and Physiology, illustrated the health benefits of fermented yogurt (Lactobacillus bulgaricus) [12] [13] [14] .
In recent years, both consumers and the medical community have developed an increased interest in the potential benefits of probiotics, which is amplified by a growing body of research and literature.
Probiotics may be registered as food supplements or drugs, depending on efficacy and safety evidence provided Were the study groups similar?
II. Evaluation of RCT results
What was the scope of the treatment's effect?
How accurately was the treatment's effect measured?
III. Applicability of results
Can these results be applied when treating my patients?
Were all outcome variables found to be clinically important?
Were benefits higher than undesirable effects? by manufacturers to Health Evaluation Authorities [15] . Probiotics are available as capsules, tablets, packets, or powders and are contained in various fermented foods; in addition, probiotic products may contain a single microorganism or a mixture of several species [16] [17] [18] [19] . Among the scientific community, probiotics are designated by nomenclature agreement, based on their genus, species, and an alphanumeric designation, for example, Saccharomyces boulardii CNCM I-745, L. casei DN-114 001 or L. rhamnosus GG (LGG). A variety of bacteria have been studied to explore their probiotic effect, including various Lactobacillus and Bifidobacterium strains, which are normal inhabitants of a healthy intestinal flora as well as the yeast S. boulardii and some bacillus species. Criteria for probiotic use are listed in Table 3 [20] . When evaluating this research, it is important to note that the effects of any bacteria are strainspecific, meaning the data from research relates only to the specific strain being evaluated [10, 15, 18, 19] .
Mechanisms of Action
The mechanisms of action of probiotics are summarized in Table 4 . The proposed mechanisms for the protective effects of probiotics include direct hostility towards pathogens through competitive adherence to the mucosa and epithelium; strengthening of the gut epithelial barrier and modulation of the immune system to convey an advantage to the host by restoring normal intestinal flora [21] ; inhibiting Clostridium difficile through an antisecretory effect [22] ; production of intestinal mucin; synthesis of bacteriocins and other antimicrobial molecules; restoration of close enterocyte bonds (by re-establishing intestinal permeability); secretion of immunologic defensins; interaction with dendritic cells, Toll-like receptors (TLRs) and intracellular inflammatory pathways; activation of macrophages and natural killer (NK) cells [23] ; stimulation of lymphoid tissue associated with the gut (GALT) [24] ; and modulation of innate and adaptive immunity involving immunoglobulins and cytokines [25] .
Total fecal lgA and polio antivirus are increased significantly with live bifidobacteria. Kaila et al. [26] illustrated that LGG significantly increased the humoral immune response to rotavirus enteritis, and more so with live probiotics than inactive ones; in addition, adhesion of Bifidobacteria Bb12 improves in the presence of LGG in healthy children and during episodes of diarrhea, suggesting that the action of the two probiotics might be synergistic.
S. boulardii CNCM I-745 has several mechanisms of action which may be classified into three main areas: luminal action, trophic action, and mucosal-anti-inflammatory signaling effects. Within the intestinal lumen, S. boulardii may interfere with pathogenic toxins (especially C. difficile toxin A and B), preserve cellular physiology, interfere with pathogen attachment, interact with normal microbiota or assist in reestablishing short-chain fatty acid levels. S. boulardii also may act as an immune regulator (either acting as an immune stimulant or by reducing proinflammatory response), both within the lumen and systemically [27] .
Results
A flow chart presenting the literature search results and selection process is shown in Fig. 1 . The initial electronic search identified 219 articles, plus another 18 were identified via other sources. After de-duplication, 209 records remained, and of these, 17 were excluded due to the content being non-relevant (n = 3) or due to being published in a language other than English, French or Spanish (n = 14). Of the remaining 192 papers, full text examination led to another 20 being excluded (Fig. 1) . Another six papers were identified by peer reviewers and added at the post-submission stage. The final number of papers included in the review was 178, and of these, 74 provided guidance on the use of [25] Antibacterial action Production of antibacterial substances Action against common pathogens (E. coli, Clostridium difficile and Salmonella spp.) [21] Competitive exclusion
Competes with adhesion of pathogens to the intestinal mucosa
Colonization of the intestine with beneficial bacteria [23] probiotics in children. The papers were divided into the specified indications and discussed in the following sections.
Clinical Applications of Probiotics in Gastroenterology
5.1 Acute Infectious Diarrhea (AID)
Prevention of AID
Breast milk provides the best protection against infectious gastrointestinal disease in infants. Attempts have been made to adapt the ingredients of infant formulas made from cow's milk by adding probiotics and/or prebiotics to emulate the immunological development of breastfed children. In a study conducted in India, Saran et al. fed infants with fermented milk for 6 months, resulting in significant weight gain and 50 % reduction of infectious diarrhea [28] . Sazawal et al. [29] used milk fortified with B. lactis HN019 and galactooligosaccharides, resulting in higher serum iron levels even when groups received iso-caloric diets with the same iron content, a ten percent decrease in all diarrhea types was also observed. This effect on morbidity prevention was attributed to a better absorption through beneficial changes in the intestinal flora with the side effect of preventing morbidities. Although the majority of trials showed a positive trend in the prevention of AID, data on evidence to support the routine use of probiotics to prevent infectious diarrhea was not found to be consistent [30] . Three major RCTs provide evidence of a statistically significant but clinically questionable effect of certain probiotic strains [LGG, L. reuteri-American Type Culture Collection (ATCC) 55730, B. lactis Bb12] in the prevention of community-acquired diarrhea [31] . No study has suggested an adverse secondary effect of a probioticenriched formula in healthy children.
Prevention of Nosocomial Diarrhea
In 1994, Saavedra et al. [32] reported that Streptococcus (Str.) thermophilus and B. bifidum (renamed B. lactis) reduced the incidence of nosocomial diarrhea in a small group of children admitted for an extended period in a healthcare institute for chronic patients. Szajewska [33] showed that
LGG also reduces nosocomial infections, particularly in rotavirus gastroenteritis; however, in a double-blind RCT with 220 children, Mastretta et al. [34] A double-blind RCT with 971 infants administered B. breve C50 and Str. thermophilus 065 fermented formula for 4-6 months. The infants fed with the fermented formula had normal growth and less severe episodes of diarrhea, with fewer reports of dehydration, fewer doctor visits, and less prescription of oral rehydration solution (ORS) [36] . The authors concluded that seven children needed a probiotic treatment in order to prevent healthy children from developing nosocomial rotavirus gastroenteritis. However, the protective effect in preventing nosocomial diarrhea becomes less significant if the incidence of episodes per patient and per month accounts for more than the total percentage of patients with diarrhea [37] .
Treatment of AID
Diagnostics and therapeutics of AID must be based on the pathophysiological consequences of the disease: water and electrolyte loss and gastrointestinal ecosystem alteration [37] . Probiotic administration can protect intestinal microbiota against AID; in 2005, Shamir et al. showed a reduction in the duration of acute gastroenteritis from 1.96 ± 1.24 to 1.43 ± 0.71 days (p = 0.017), with the addition of 10 9 colony-forming units (CFU) of Str. thermophilus, B. lactis, L. acidophilus, 10 mg of zinc and 0.3 g of fructo-oligosaccharide per day [38] . In addition, several studies have demonstrated the efficacy of LGG in reducing the duration of acute viral diarrhea and AID, as well as a reduction in length of hospitalization, in both eutrophic and severely malnourished children [39, 40] . Guarino et al. [41] also demonstrated a significant reduction in rotavirus shedding. In a prospective European RCT using LGG (10 10 CFU/250 mL) to supplement ORS in 287 children with acute diarrhea, the results showed a significant decrease in the duration of diarrhea close to 10 % (mean duration of 123 h in the placebo group compared with 110 h in the intervention group) with an improved response in the rotavirus group [42] . Shornikova et al. [43] evaluated the efficacy of L. reuteri ATCC 55730 in 66 children hospitalized with rotavirus diarrhea randomized into three groups: a placebo group and two groups with different doses of L. reuteri (10 7 and 10 10 CFU/g once a day for 5 days). The probiotic reduced duration of diarrhea with a dose-dependent effect (2.5 days in the placebo group vs 1.9 and 1.5 in the L. reuteri groups). In a recent meta-analysis, Szajewska et al. [44] evaluated two RCTs (n = 196) using L. reuteri DSM 17938 and three RCTs (n = 156) on the evaluation of L. reuteri ATCC 55730 administration among hospitalized children aged 3-60 months; compared with placebo or no treatment, DSM 17938 significantly reduced the duration of diarrhea (mean difference -32 h, 95 % confidence interval (CI) -41 to -24) and increased the chance of cure on Day 3 (RR 3.5, 95 % CI 1.2-10.8, random effects model). Similar results were obtained with the original strain, L. reuteri ATCC 55730 [44] .
Other probiotics such as L. acidophilus LB in a product containing heat-killed Lactobacillus have also demonstrated effectiveness in reducing the duration of the AID when tested on 73 children with acute diarrhea (50 % rotavirus positive) [45] . Comparable results were obtained in a double-blind study in 87 Polish children with AID treated with a mixture of three strains of L. rhamnosus (573L/1, 573L/2, 573L/3) all at a dose of 1.2 9 10 10 CFU twice daily for 5 days; L. rhamnosus reduced the duration of rotavirus diarrhea (76 ± 35 h vs 115 ± 67 h (p = 0.03), but not of other types of diarrhea [46] . Intestinal colonization by administration with these strains was 80 and 41 % at 5 and 14 days, respectively. The intervention also shortened the time required for intravenous rehydration [15 ± 14 vs 38 ± 33 h (p = 0.006)], although factors such as the variability of care may have influenced the result [46] . At least three clinical trials in developing countries deny the beneficial effect of LGG and L. acidophilus in acute diarrhea or severe diarrhea, probably related to the difference in etiological profile [47] [48] [49] . No decrease in the duration of diarrhea with a mixture of L. acidophilus, B. bifidum (B. lactis) and L. bulgaricus was observed [50] . The strain L. paracasei ST11 did not reduce the volume of stool in rotavirus infection but improved the results of cumulative stool output (225 ± 218 vs 381 ± 240 mL/kg), stool frequency (27.9 ± 17 vs 42.5 ± 26), and ORS intake (180 ± 207 vs 331 ± 236 mL/kg) in children with less severe non-rotavirus diarrhea compared with those receiving placebo treatment in Bangladeshi children [51] . Two meta-analyses concluded that most of the studies were conducted in the developed world, and that LGG, L. acidophilus and L. bulgaricus had no efficacy [52, 53] . In an SR of double blind RCTs, Szajewska and Mrukowicz also found that the duration of viral diarrhea was significantly reduced (by about 17 h or 0.7 days) compared with controls [54] . The effectiveness of LGG appears to be connected to the logarithm of the dose ( [10 11 as the most effective dose) [53] . A Cochrane review of 63 RCTs and 8014 participants (56 trials recruited infants and young children) showed the beneficial effect of probiotics in combination therapy with ORS in reducing the duration of diarrhea, although the size of the effect varied considerably between studies [55] . The average of the effect was significant for mean duration (MD) of diarrhea (MD 24.76 h; 95 % CI 15.9-33.6; n = 4,555, 35 trials); diarrhea lasting C4 days (RR 0.41; 95 % CI 0.32-0.53; n = 2,853, 29 trials); and stool frequency on Day 2 (MD 0.80; 95 % CI 0.45-1.14; n = 2,751, 20 trials). The two most commonly studied probiotics were LGG (13 RCTs) and S. boulardii (10 RCTs) [55] . The first double-blind, prospective, randomized study of S. boulardii (a non-pathogenic yeast) was completed over 15 years ago: diarrhea persisted for more than 7 days in 12 % of the placebo group and in 3 % of the probiotic group [56] . Since then, several other doubleblind, prospective randomized trials conducted on S. boulardii in children with acute gastroenteritis have consistently shown a significant improvement compared with placebo. A consecutive series of 130 Mexican children with AID from 3 months to 3-years-old were treated with ORS plus placebo or with ORS plus S. boulardii 600 mg/day for 5 days. A significant decrease in the number of stools occurred from the second day following probiotic use. After 48 h, the percentage of children considered cured was almost 50 % (vs 8 % in the placebo group) and, at Day 4, the percentage cured was up to 95 % (vs 50 % in the placebo group) [57] . Kurugol and Koturoglu [58] treated 200 children with acute diarrhea with 250 mg of S. boulardii or placebo for 5 days: the duration of diarrhea and length of hospitalization was reduced by about 24 h. Villarruel and colleagues [59] showed similar results in 88 children treated in ambulatory care in Argentina. This study concluded that diarrhea persisted for more than 7 days in 27 % of the control group, compared with 7 % of the group treated with S. boulardii for 6 days, with a greater effect if treatment was initiated during the first 2 days of diarrhea. In addition, studies of diarrheal parasitic infections showed that S. boulardii improved feeding tolerance in children with chronic Giardia lamblia [60] . This probiotic is also shown to be effective in amoebiasis and AIDS-associated diarrhea [61, 62] . An open RCT in Pakistani children with acute infectious gastroenteritis demonstrated that administration of 500 mg of S. boulardii for 5 days significantly reduced stool frequency and duration of diarrhea (3.5 vs 4.8 days, p = 0.001) and resulted, 2 months later, in a 50 % decrease in re-infection rate with a 30 % bodyweight increase [63] .
More recently, two international guidelines on diarrheal management in children addressed the use of probiotics in acute diarrhea with ORS; experts concluded that LGG and S. boulardii reduced the duration of diarrhea by 1 day, giving evidence level 1? for these two probiotics only [64, 65] . Finally, the Probiotics and Prebiotics Global Guidelines published by the World Gastroenterology Organization (WGO) in 2011 confirmed the use of the above-mentioned probiotics in the management of children with acute diarrhea with ORS, level of evidence 1a for the same probiotics only [66] .
Regarding the treatment of AID in children, the LATAM consensus estimates that a decrease in the duration of diarrhea, as well as hospitalization length, is an important benefit from the standpoint of social and economic development in acute infectious gastroenteritis in children. While there have been numerous published clinical studies evaluating different probiotics in the treatment of acute gastroenteritis, tests differ in relation to the strains tested, dosages, methodological quality, definitions of diarrhea and the results obtained. Most studies show statistically significant effects in terms of clinical benefit, with greater effect on viral diarrhea [31] . In general, published meta-analyses conclude that the duration of diarrhea episodes is shortened by approximately 24 h (17-30 h) with the selected strains of lactobacilli and LGG, L. acidophilus, L. bulgaricus, L. reuteri, and S. boulardii [31, 33, 52, 54, 55, 67] . In addition, studies have proven the increased effectiveness of probiotics when they were administered in the early stages of the disease; in at least three studies in children with acute diarrhea of different etiologies, probiotic use reduced the average duration of episodes by 57 % (35-71 %) [44, 64, 68] . Only LGG and S. boulardii have Evidence Level 1? for the treatment of acute diarrhea with ORS in children [64] [65] [66] . In developing countries, for varieties of lactobacilli, we found few study-based assays in the community while we observed sufficient data on S. boulardii.
Antibiotic-Associated Diarrhea (AAD)
Antibiotic treatment alters the gastrointestinal microflora, which produces various clinical symptoms, particularly diarrhea. AAD incidence in children is approximately 10 % in first-line treatment, regardless of the reason for antibiotic administration [69] ; children under 2 years of age are more likely to experience an episode of AAD, especially those treated with antibiotics or antibiotic combinations such as amoxillin-clavulanic acid (23 %) [70] . Nevertheless, the large majority of AAD cases are mild to moderate and rarely require hospitalization. According to the meta-analysis performed by Szajeweska in 2006, probiotics reduce the risk of AAD in children. Analysis of subgroups of children to whom probiotics were administered preventively showed that reduction in AAD risk was mainly associated with the use of LGG (95 % CI 0.15-0.6), S. boulardii (95 % CI 0.07-0.6), or B. lactis and Str. thermophilus (95 % CI 0.3-0.95) [70] . These data indicated that one of seven patients who develop diarrhea during antibiotic treatment would benefit from AAD prevention if they were to simultaneously receive any of these probiotics.
The use of S. boulardii has proven to be the only effective method of preventing diarrhea caused by C. difficile [71] . Randomized controlled trials provide moderate evidence of a beneficial effect produced by LGG, B. lactis, Str. thermophilus and S. boulardii. Nonetheless, there is no evidence to support the use of probiotics in the prevention of recurring symptoms caused by C. difficile [31] .
Potential effects of probiotics in preventing AAD in children require more studies for routine indication. Such studies should focus on probiotic strains that have proved to be beneficial such as LGG, or S. boulardii, as well as on dosages that have showed to be more effective. There are not enough publications on treating children with severe AAD with probiotics.
Traveler's Diarrhea
The past two decades have seen an unprecedented, sustained growth in international travel. Although much of the growth represents increased travel to Europe and Asia, travel to South America has also increased. Traveler's diarrhea is a common condition with major economic and health impacts. In traveling children, the etiologies of diarrhea are likely to be similar to those described for diarrhea in adults [71, 72] . Children who travel are at risk of developing the same well known illnesses that affect adult travelers [73] . In the assessment of the ill pediatric traveler, physicians must consider geographic, seasonal, and environmental factors and assess compliance to pre-travel advice. Treatment recommendations for pediatric traveler's diarrhea have come from expert opinion, anecdotal evidence, limited case reports, the World Health Organization, The Medical Letter [71, 72] and extrapolation from treatment recommendations for traveler's diarrhea in adults [73] .
Various randomized clinical studies have evaluated the efficacy of probiotics in the prevention of this medical condition. One trial using L. acidophilus and two other trials using LGG showed negative results [74] [75] [76] . An RCT using S. boulardii illustrated a significantly beneficial effect in terms of reduced incidence of diarrhea, which was shown to be dose dependent, strongly dependent on adherence, and which tended to differ according to geographical location [77] .
According to Mackell [73] , the best treatment choice for the pediatric traveler must address a combination of efficacy, adherence, and cost.
Helicobacter pylori Infection
Current interest in probiotics as therapeutic agents against H. pylori is stimulated not only by the clinical data showing efficacy of some probiotics in different gastrointestinal diseases but also by the increasing resistance of pathogenic bacteria to antibiotics, thus the interest in developing alternative therapies. Several clinical trials have evaluated the role of probiotics in adults and children colonized with H. pylori. Studies on L. johnsonii, S. boulardii ± inulin or L. acidophilus LB and L. gasseri OLL2716 (LG21) indicate that they decrease colonization density, while maintaining lower levels of the pathogen in the gastric mucosa but that they do not eradicate H. pylori [78] [79] [80] . However, in some studies with probiotics combined with treatment regimens using proton pump inhibitors (PPIs) and antibiotics, eradication rates moderately increased. For LGG the eradication rate was 69 % (0.98 RR, 95 % CI 0.7-1.4) [81] , for L casei DN-114 001 it was 84.6 % (95 % CI 71.2-95.5) vs 57.5 % in the control group (p = 0.0045) [82] , for B. animalis and L. casei it was 45.5 vs 37.5 % with control (p = 0.345) [83] , for L. reuteri ATCC 55730 85 vs 80 % with control (p [ 0.05) [84] , for a supplement containing L. casei DN-114001, L. bulgaricus, and S. thermophilus, eradiation rates were 88.5 vs 51.5 % with no supplementation (p \ 0.01) [85] , and a study using S. boulardii showed an eradication rate of 93.3 vs 80.9 % with control (p = 0.750) [86] .
Finally, the same studies evaluated the occurrence of adverse events during treatment and observed a non-significant decrease in symptoms. Only the open trial by Hurduc and collaborators showed that the incidence of side effects was significantly reduced in the S. boulardii group: 30.9 % in the control vs 8.3 % in the probiotic group (p = 0.047) [86] .
In conclusion, there is currently a lack of sufficient evidence to recommend the use of probiotics in this area.
Infant Colic
Infantile colic consists of repeated distress periods of irritability and crying for indiscernible reasons for more than 3 h a day, 3 days a week and for 3 weeks or more [87] . It affects between 5 and 19 % of newborns and infants in the first months of life and creates a frustrating situation for parents and caregivers. The following differential diagnoses should be considered: cow's milk protein allergy, gastro-esophageal reflux disease, intestinal hypermotility, and hormonal problems [88] .
Despite the fact that some experiments have been performed with simeticone [89] and home remedies [90] [91] [92] [93] have attempted to resolve this common problem, at the moment, no treatment has proven to be fully effective. Medical literature provides one SR [94] and eight randomized, double-blind, controlled studies using probiotics, seven of them with L. reuteri DSM 17938 in nursing infants [95] [96] [97] [98] [99] [100] [101] and a sixth one with formulas supplemented with two different probiotic strains, B lactis and Str. thermophiles [102] .
The SR and published RCTs show that administration of L. reuteri DSM 17938 led to improved infantile colic symptoms in comparison with simeticone in exclusively breastfed children [94] [95] [96] [97] [98] [99] [100] [101] . The included trials were supported by the manufacturer of the probiotic strain under study, which raises the possibility of bias; however, the likelihood is small since the trials were fully investigatorinitiated and data controlled with transparent disclosure of potential conflicts of interest by the respective authors.
The RCT published in 2010 by Savino and colleagues [97] showed that L. reuteri DSM 17938 improved symptoms of infantile colic-as shown by a greater proportion of early breastfed infants with C50 % reduction in crying time from baseline vs placebo at Days 7 (p = 0.006), 14 (p = 0.007) and 21 (p = 0.036)-and was well tolerated. More recently, Sung and colleagues described a large, well designed RCT of L. reuteri for the management of infant colic in a broad community of breastfed and formula-fed infants in Australia [101] . In total, 167 breastfed infants were randomized to receive L. reuteri or placebo. At multiple follow-up intervals, the authors found no improvement in the duration of crying time in infants who received probiotic compared with placebo, in fact, infants receiving the studied probiotic cried significantly more [101] .
In the earlier study [97] , breastfeeding mothers were required to avoid cow's milk, while the study by Sung et al. [101] did not have this requirement, so environmental factors may have played a role in the differences in outcomes between these two studies. Furthermore, the later study excluded infants with colic due to cow's milk protein allergy and included infants treated with PPIs [101] . Indeed, 21 subjects in the probiotics group and 24 in the placebo group received PPIs and so may have been suffering from gastroesophageal reflux and not infantile colic. Therefore, the lack of significant difference between the two groups in the study by Sung et al. could be due to undeclared allocation bias. Recruiting infants treated with concomitant drugs (such as PPIs) and dietary approaches (probiotic and hypoallergenic formulas) introduced confounding factors that needed to be evaluated individually in order to perform an appropriate multivariate regression analysis and to distinguish the effects of the tested probiotic from those of the drugs.
Evidence supporting the prophylactic use of L. reuteri DSM 17938 during the first 3 months of life was shown by Indrio et al. in an RCT investigating the prophylactic use of L. reuteri DSM 17938 to prevent onset of functional gastrointestinal disorders, showing a reduction in the onset of daily crying time, regurgitation, and constipation [100] .
One well recognized limitation of all the studies of infant colic is the need for a more objective way of measuring duration of crying rather than relying on the parents' compliance to establish this outcome. The Saavedra et al. study [102] showed that supplementing formulas with B. lactis and Str. thermophilus was well tolerated and decreased colic episodes in children, possibly by modifying patterns of fermentation, which leads to less gas or water formation, which in turn may affect gastrointestinal tolerance, although this remains speculative.
Grade of RecommendaƟon for eradicaƟon of H. pylori

Not recommended
In addition to clinical effects, use of L. reuteri DSM 17938 was associated with decreased private and public costs for the management of this condition [100] .
Necrotizing Enterocolitis (NEC)
NEC is the most common gastrointestinal emergency in newborns and a major cause of morbidity and mortality in preterm infants [103] , especially in those with very low birth weight (VLBW) \1500 g [104, 105] . Incidence of NEC is variable depending on countries and neonatal care units.
Recently there has been increasing interest in testing the potential benefits of probiotics in preterm infants in terms of preventing NEC [106] . The mechanisms by which probiotics may protect infants at high risk of developing NEC and/or sepsis include providing a barrier preventing the migration of bacteria and their products through the mucosa [107, 108] , the competitive exclusion of potential pathogens [109] , the modification of the host response to microbial products [110] , the increased response of the mucosal IgA, the improvement of enteral nutrition, which inhibits pathogen growth and stimulation of immune responses while regulating TLRs, the nuclear jB factor and inflammatory cytokine production [111, 112] .
Four meta-analyses on administration of probiotics to newborns with VLBW have been published [104, [113] [114] [115] . Deshpande et al. observed that with gestational age under 33 weeks there was a lower risk of mortality of any origin and of NEC by 53 and 64 %, respectively, in newborns who received probiotics, when compared with a control group [104] . The risk of sepsis did not differ significantly between groups. Additionally, the Cochrane review [113] reported that enteral supplementation of certain probiotics reduced the risk of NEC and mortality in preterm infants weighing less than 1500 g with no evidence of significant reduction of nosocomial sepsis. However, both of these meta-analyses have shown that not all probiotics tested were equally effective. The combinations used in the meta-analyses by Bin-Nun et al. [114] (B. infantis plus Str. thermophilus plus B. bifidus) and Lin et al. [115] (L. acidophilus plus B. infantis) were the most effective [116] .
Alfaleh et al. reached the same conclusions but the results cannot be extrapolated to newborns weighing \1000 g because of lack of data in this high-risk group [116, 117] . The more recent meta-analysis published by Deshpande et al. in 2010 includes four new RCTs (n = 783), in relation to the one published in 2007 by the same author, one of them being a multicenter study [118] . The analysis revealed a highly statistically significant decrease in the risk of severe NEC and death (p \ 0.00001) [104] . The strains evaluated were B. breve, S. boulardii, mixtures of Bifidobacterium and Streptococcus, LGG, and L. acidophilus. In addition, among all studies, the use of probiotics was described as safe and well tolerated [104, [113] [114] [115] .
Another study showed that the prophylactic use of L. reuteri resulted in a statistically significant reduction in rates of NEC in children: NEC decreased 15.1 to 2.5 % (p = 0.0475), the need for surgery or death due to NEC was reduced from 8.2 to 2.5 % (p = 0.1774), and no adverse events related to the use of L. reuteri were reported [119] .
In conclusion, the use of probiotics significantly reduces the risk of severe forms of NEC and death. Further studies are needed to answer important questions such as dose, strain, more efficient forms of administration and long-term safety for use in patients at risk of NEC.
Inflammatory Bowel Disease (IBD)
The concept of dysbiosis, an imbalance between 'protective' and 'harmful' intestinal bacteria, is gaining credibility among multiple etiologic factors of IBD. Nowadays, the rationale for administering strains of live 'beneficial' bacteria for IBD is based largely on the premise of dysbiosis. The most important attribute that makes probiotics appealing for use in IBD is their ability to regulate the host mucosal immune response, since it is well known that immune and epithelial cells of the small intestine can discriminate between various microorganisms through the activation of TLRs [120] .
Many in vitro and animal studies favor this hypothesis. The literature published on adults emphasizes the role of probiotics in maintaining remission of IBD, especially in pouchitis [121] . A 2-year follow-up study on LGG administration was performed in children with Crohn's disease in remission and resulted in a decreased relapse rate of 31 % in the probiotic group vs 17 % in the placebo group with non-significant statistical difference. There was also no difference in the duration of time until relapse [122] .
However, despite a lack of evidence regarding any benefits, almost 80 % of children affected by IBD regularly consume probiotics [123] . In a randomized pilot study on the induction and maintenance of remission in children with ulcerative colitis, the proprietary preparation VSL#3 (a high-concentration mixture of probiotic bacterial strains) has been found to be as effective as adjuvant therapy, both in inducing and maintaining remission [124] .
Although the incidence of pouchitis among Latin American children is increasing, our group did not find sufficient evidence in the literature among the pediatric population to give a recommendation on this pediatric indication.
Functional Gastrointestinal Disorders: Irritable
Bowel Syndrome (IBS)
Functional gastrointestinal disorders are among society's most common conditions, affecting millions of people of all ages, including children. At any one time, approximately two out of five persons will be affected by a functional gastrointestinal disorder. Furthermore, as gastrointestinal disorders often overlap, many patients could be affected by more than one functional gastrointestinal disorder simultaneously [125] . In the criteria for the definition of functional gastrointestinal disorders-the Rome III [126] consensus process 2006-the disorders are grouped by type of chronic or recurrent symptoms of functional origin. IBS is a functional gastrointestinal disorder characterized by abdominal discomfort or pain associated with defecation or change in bowel habits in absence of organic disease. IBS pathogenesis is multi-factorial and involves altered reactivity with increased intestinal motility and secretion with intraluminal stimuli such as food, inflammation, bacteria, or extra-intestinal elements such as emotional factors. IBS can also be linked to associated mechanisms such as lactose intolerance, fructose, malabsorption of biliary salts, bacterial overgrowth, and increased short-chain fatty acids [127] . There is no curative treatment for IBS, but symptom relief and periods of remission are achievable. Probiotics reduce the manifestations of functional disorders through modification of enzymatic and metabolic function. Studies have shown the efficacy of probiotics in IBS in adults but data in children are limited. Two studies in children with LGG showed controversial results. A 6-week RCT of LGG compared with placebo undertaken by Bausserman and Michail [128] showed negative results in 50 children and young adults (aged 6-20 years). Conversely, in another RCT with 37 participants, those in the LGG group were more likely to have treatment success than those in the placebo group and had reduced frequency of pain (p = 0.02), but not severity of pain [129] . Finally, Guandalini et al. [130] studied 59 children and concluded that VSL#3 is safe and more effective than placebo in ameliorating symptoms and improving quality of life in children affected by IBS.
Constipation
Probiotics alter the composition of the feces of healthy individuals. Only one randomized trial has been completed for children with constipation; the addition of LGG to lactulose as standard treatment offered no additional benefit [131] . More recently, a systemic evaluation and updated evidence on the efficacy and safety of probiotic supplementation for the treatment of constipation was performed in 2010 by Chmielewska and Szajewska [132] . The authors concluded that the scarce amount of data published to date do not yet provide sufficient scientific evidence to support a general recommendation about the use of probiotics for treatment of functional constipation.
In the absence of new available data on the use of probiotics, the authors concluded that the use of probiotics for this condition should be considered investigational.
Allergy
Much of the literature on probiotics and allergy originates from Finland. Several publications report significant reductions in the SCORing Atopic Dermatitis (SCORAD) score with administration of B. lactis BB-12 and LGG ATCC 53103 [133, 134] . Perinatal administration of LGG ATCC 53103 leads to decreased atopic eczema, even up to the age of 7 years [135, 136] . Simultaneous treatment with pre-and probiotics (a mixture of four strains and galacto-oligosaccharides) administered to pregnant women for 2-4 weeks before delivery and to children over 6 months showed no effect on the cumulative incidence of allergic diseases at the age of 2 years compared with placebo, but tended to reduce disease associated with allergic reactions, and a significant reduction in atopic eczema was observed [137] . Taylor and colleagues [138] , however, questioned the role of probiotics in allergy prevention, and reported that early supplementation with L. acidophilus did not reduce the risk of atopic dermatitis (AD) in infants at high risk and was even associated with increased allergic sensitivity in children. The pathogenesis of AD seems to involve deterioration of the intestinal barrier, considering that supplementation with probiotics can stabilize said function and reduce gastrointestinal symptoms in children with AD [139] . However, the composition of the intestinal microbiota in children with atopic eczema and dermatitis syndrome with and without food allergy was similar. As a result, there is no conclusive evidence regarding the role of the intestinal microbiota in relation to the development of infant food allergy in children with atopic eczema [140] . Moreover, the data from Brouwer et al. [141] shows that neither L. rhamnosus nor LGG had influence on the SCORAD score, sensitization, inflammatory parameters or cytokine production. The data on probiotics and allergy need further clarification, as the positive data are reported by different groups from Finland, but have not been confirmed by others-probably because of geographic or genetic differences playing a detrimental role among this population. In at least one study, L. rhamnosus and B. lactis improved only children sensitized to food, suggesting a genetic influence on the efficacy of probiotics in these children [142] . Treatment with LGG has been shown to reduce the intensity of atopic eczema and symptoms of hyper-IgE dermatitis syndrome but not in IgE-sensitized children [143] . Rosenfeldt et al. [144] showed that a combination of L rhamnosus 19070-2 and L. reuteri DSM 122460 was beneficial in the treatment of AD. The effect was more pronounced in patients with positive skin test response and increased levels of IgE [141] . By 1997, it had been suggested that probiotic bacteria may encourage endogenous barrier mechanisms in patients with AD and food allergy, and by reducing intestinal inflammation, may act as a useful tool in the treatment of food allergy [133] . However, authors of the latest Cochrane review concluded that there was inconclusive evidence for giving prebiotics to prevent allergic disorders in infants [145] .
Probiotics in Marketed Products and Infant Formulas
There are an increasing number of probiotics emerging in a variety of distribution channels, especially in internetbased sales. At the same time, one of the main issues concerns the quality control and safety of these products commercialized in the market. In other words, there are more and more supplements with scarce scientific evidence of their medicinal potency, no or little control of their composition, no control of their shelf-life, and no knowledge of side effects or supplement-drug interactions [146] . The food industry uses microbial supplements, mainly in milk or yogurt drinks. Some of these microbial supplements are also sold in capsules, increasingly blurring the line between food and drug. Some probiotics claiming health benefits in dairy foods have been well documented, after identifying and isolating their microorganisms. One study identified mislabeling in 47 % of dietary supplements and 40 % milk products tested [147] . The poor labeling of dietary supplements is a global problem [148] .
In the case of all marketed probiotics and formulas, investigations into the mechanism of action of specific strains should be mandatory along with conducting clinical studies on these products since the in vitro effects of a strain may be contrary to those observed in vivo [149] . The effects demonstrated with one strain cannot be extrapolated to another, even if they belong to the same species. Only a specific strain and its commercially 'controlled' product for which convincing data are available should be recommended for medical use.
Probiotic bacterial strains include lactobacilli (LGG, L. reuteri, L. johnsonii) [150] and bifidobacteria (B. lactis Bb 12), as well as strains of Escherichia coli (E. coli Nissle 1917) [151] and certain enterococci strains (although this agent has been linked to the transfer of resistance encoded and transmitted by plasmids) [152] .
L. acidophilus LB has shown antibacterial activity against E. coli. However, if E. coli is present in the gastrointestinal tract of the host before L. acidophilus LB is administered, like in the case of acute gastroenteritis, their antibacterial activity can be strongly reduced [153] . Adhesion of Bifidobacteria Bb 12 improves in the presence of LGG, both in healthy children and during episodes of diarrhea, suggesting synergy between the two strains [154] .
To date, few publications on the clinical effects of probiotic supplementation in infant formulas, follow-up formulas, and special medical foods have addressed this subject. It should be noted that some studies describe an adequate safety profile and studies also report that the use of probiotic supplementation does not affect infant growth [155] [156] [157] . Yet, although evidence on the benefits in NEC, treatment and prevention of AID, AAD, and atopy and Grade of RecommendaƟon for allergy Evidence inconclusive, insufficient Not recommended allergy have been published, it must be stressed that these benefits are rare and strain-specific, and thus conclusions are limited until more scientific data become available-a situation that prevents us from drawing definitive conclusions on the subject.
Safety and Side Effects
Probiotics are considered 'generally recognized as safe' (GRAS) and well tolerated in humans. The most common adverse effects include bloating and flatulence; however, these are typically mild and subside with continued use [158] . One theoretical concern associated with probiotics includes the potential for these viable organisms to move from the gastrointestinal tract and cause systemic infections. Although rare, probiotic-related bacteremia and fungemia have been reported, particularly in neonates [159] [160] [161] [162] [163] . It is estimated that the risk of developing bacteremia from ingested lactobacilli probiotics is \1 per 1 million users [164] , and the risk of developing fungemia from S. boulardii is estimated at 1 per 5.6 million users [165] .
Large-scale epidemiological studies on probiotic use in countries where their use is widespread show low rates of systemic infection between 0.05 and 0.40 % [166] . Of all documented invasive infections, most of them occur mainly in immune-compromised adults [164] .
Lactobacilli have caused cases of sepsis, meningitis, and infections in other organs in adults [167, 168] ; however, invasive infections in infants and children are extremely rare [164] . Nevertheless, bacteremia has been attributed to Lactobacillus supplementation in children [169] and in neonates [160, 161, 163] . In a review, Enache-Angoulvant and Hennequin found evidence of sepsis in children with short bowel syndrome treated with Lactobacillus and S. boulardii-related fungemia was reported in about 50 patients, with central venous catheterization as the main risk factor [170] . Fungemia was also observed in patients with a central venous catheter hospitalized in beds adjacent to patients treated with the yeast [171] . There were no reports of probiotic translocation from the gastrointestinal tract into the systemic circulation. Fungemia has also been reported with S. cerevisiae in two newborns, one of whom was being treated with the agent and the other contracted the fungemia from the first [162] . These cases highlight that probiotic supplementation should be used with caution in children with central catheters and those with known or potentially compromised intestinal mucosal integrity or those with underdeveloped immune systems.
To minimize the risk of side effects such as bacteremia and fungemia, studies may be performed using non-viable or inactivated preparations. These modified probiotic preparations may be the best choice in high-risk situations. The effects of these agents may go beyond the gastrointestinal tract to distant areas, such as the urogenital and respiratory mucosa, and it may not be necessary to administer intact probiotic organisms to achieve benefits. At basic research level, probiotic products such as secreted proteins or DNA can block inflammation and prevent death of intestinal epithelial cells [172] .
Limitations
Among the seventy-four studies that met our inclusion criteria and were included in the recommendations, the quality varied and almost all of the included trials had methodological limitations. The most common problems were lack of description of randomization procedures and group allocation and blinding. In general terms, individual publication bias was not evaluated by our reviewers.
Conclusions
Probiotics have demonstrated efficacy in preventing and treating various medical conditions, particularly those involving the gastrointestinal tract in children. In addition, probiotics are a helpful tool in specific infectious, inflammatory and functional disorders, but it is important to note that evidence indicates strain specificity in each case. Certain probiotics have been widely used for a variety of disorders and data supports their increased use. Available literature shows a statistically significant benefit in decreasing intensity, duration and number of consultations for acute gastroenteritis caused by various infectious agents, mostly viral and parasitic-related illnesses, when specific probiotics are combined with ORS.
LGG, L. reuteri and S. boulardii are the best studied probiotics. Some lactobacilli strains and S. boulardii have proven to be most effective if treatment is introduced early. Another particular application is NEC, where probiotics B. breve, and specific mixtures of Bifidobacterium, Streptococcus, and Lactobacillus strains significantly reduce the risk of severe forms and associated mortality.
Due to strain specificity, only clinically tested probiotics can be recommended to treat pediatric patients.
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